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Introduction

Lithium-ion batteries have proven to meed and even
excedal the power requirement to level the load on the
main engine in hybrid eledric vehicle (HEV). However,
one of the key limitation to this technololgy is its dort
cdendar life. To better understand this isauie, Argonne
National Laboratory has developed a baseline cdl
chemistry and build 1 Ah, 18650 high power cdls in
collaboration with an industrial partner. The cdls were
subjeded to extensive accéerated cdendar life and cycle
life testing under different state of charge and aging
temperatures. At the end of their life, the cdls were
diagnosis extensively to understand the key fador that
limit their life.

Experimental

High-power Type 18650 cdls, employing multi-tab
current colledion, were fabricaded by ANL in
collaboration with a battery manufadurer. The cdls
incorporated a LiNiggCog,0, positive dedrode, a blend
of MCMB-6 and SFG-6 graphite for the negative
eledrode, and a 1 M LiPFs EC:DEC (1:1) eledrolyte.
After initial performance daraderization, the céls were
subjeded to elevated temperature cdendar and cycle life
testing. New and aged cdls were disasembled and
portions of their eledrodes were investigated by means of
a reference dedrode, Ac-impedance High Resolution
Transmisgon Eledron Microscopy (HRTEM). Scanning
Eledron Microscopy (SEM), and X-ray Photo-Eledron
Spedroscopy (XPS) to identify the sources of the
impedancerise and power fade of the tested cdls.

Results and Discussion

Figure 1 shows the increase in the aeaspedfic impedance
with aging time of high power 18650 cdls that were
subjected to bah cycle life and caendar life tests at 50°C.
The accéerated cycle lifetest was carried out by charging
the cdls to 60%SOC and storing them at 50°C, and then
applying current pulses that correspond to a nominal
cgpadty of 3%ASOC. The accéerated cdendar life test,
however, was caried out by potentiotating the cdls at
60%S0C and storing them at 50°C. The cdls were taken
from the storage every 2 weeks and a hybrid pulse power
charaderistics test (HPRC) was caried out to monitor the
impedance rise of the céls. The result shows that the aea
spedfic impedance of both cdl studies sbjeded to
acceeaated cdendar life and cycle life test increases
significantly after 20 weeks dorage & 50°C. Micro-
reference dedrode combined with Ac-impedance study
on symetricd cdls have confirmed that, in both cases, the
main source of impedance rise is due to a significant
increase in the charge transfer resistance d the surfaceof
the positive dedrode. HRTEM has confirmed a build up
of an amorphous and resistive film at the surface of the
primarry particles of the postive adive materia. HR-
SEM was very helpful in visualizing a film formation at
the surface of the positive dedrode, and confirming the
bres&k up o the primarry particles of the positive adive
material. The increese in the ASl of the cdls that were

subjeded to accéerated cycle life test were faster, and
readies aimost 60% increase dter 8 weeks of storage &
50°C. However, It took amost 20 weeks of aging at the
same temperature for the cdls that were subjeded to
accéerated cdendar life test to read the same 60%
increased level in the ASI. This result shows clealy that
the power fade in the cdl subjeded to acceerated cycle
life is much faster than those subjeded to accéerated
cdendar life. Knowing that in both cases the impedance
rise is mainly due to the interfadal resistance incresse &
the pogitive dedrode, we investigated further the positive
adive particles from a cdl that was sbjeded to
acceerated cycle life. Figure 2 shows HR-TEM of a
cross ®dion of a particle taken from a oycle life tested
positive dedrode. Clea particle aaking as well as a
significant structural stress were observed. This craking
and the structure stresscould be due to the fad that during
high rate discharge pulsing, more lithium is extraced from
the surface than the bulk of the particle caising thus a
significant stresson the particle. Eledron diffradion taken
from the surface ad the bulk of the particle shows
different unit cdl parametters which confirm that the
delithiation-lithiation of the lithium at the surfaceof the
particle is different from that at the bulk. The structural
stress and the particle aaking observed in the positive
eledrode of a cdl that was sibjeded to accéerated cycle
life could acount for the fast degradation of the pasitive
eledrode that may accéerate the power fade in the g/cle
life tested cdls.
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Fig.1 Increase of ASI with agingtime a 50°C for cdls
subjeded to accéerated cycle and cdendar life test.
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Fig.2 HR-TEM of a positive particle from a gyclelife
tested cdl showing cradking and structural stress
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